ABSTRACT A patient presented with granulomatous lung disease associated with the pulmonary deposition of various metallic particles. To evaluate the relation between the metallic dust and the granulomatous process, lymphocyte transformation tests to aluminium sulphate, titanium chloride, beryllium sulphate, and nickel sulphate were performed. A lymphocyte proliferative response to titanium chloride was observed on two separate occasions; no responses to the other metals were shown. These results are consistent with hypersensitivity to titanium, and suggest, in this individual, a possible aetiological role between the inhalation of titanium and a granulomatous disease process.
Granulomatous disease of the lung may occur in response to a variety of infections or as a result of the inhalation of several inorganic substances.' 2 In granulomatous processes where a specific causative agent cannot be identified sarcoidosis may be suggested, based on characteristic but non-specific clinical, radiological, serological, and morphological findings.3 A search for aetiological agents in the granulomatous process is often unrewarding. Establishing a causal relation between exogenous particulates that may be identified in tissue specimens and the granulomas, however, may be facilitated by the demonstration of a specific host immune response.
We describe a patient who presented with clinical and light microscopic findings initially suggestive of sarcoidosis. Scanning electron microscopy (SEM) with energy dispersive x ray analysis (EDXA) of a transbronchial biopsy specimen from the patient's lung showed that the pulmonary granulomas contained large numbers of metallic particulates. Cellular immunological studies showed abnormal lymphocyte transformation tests (LTTs) to titanium chloride and normal responses to aluminium, nickel, and beryllium. This is the first time that an abnormal host immune response to titanium has been reported and suggests that titanium, a substance whose patholo- Accepted 24 March 1986 gical effects in occupationally exposed individuals has been disputed, may occasionally induce a granulomatous pulmonary reaction. 2B) . Negative lymphocyte responses were seen when challenged with 0-01 to 0 10 pg/ml aluminium chloride (times 1-4), 0-2 to 100 pg/ml nickel sulphate (times I and 2), or to 0-2 to 10 ,ug/ml beryllium sulphate (time 3)* (all SIs no greater than 1-4).
Lymphocytes from three painters (mean age 46-2 + 16-1 (SD) years; mean duration of paint exposure 21-5 + 6-5 years) who used titanium based paints in their work and three unexposed individuals (medical personnel) also were challenged with metal salts. None *Beryllium was tested because of its known relation with granulomatous disease. Beryllium cannot be identified with SEM and EDXA. In the present case of granulomatous pulmonary disease alloy like particles of aluminium with titanium and other metals were identified within lung tissue at a concentration 100-fold above the "background" lung burden.4 (The concentration of silica particles was lower than seen in cases of silicosis.4) To investigate the relation between the metallic particulates and the granulomatous disease, we measured delayed type hypersensitivity responses to identified metals with LTTs. The demonstration of significantly raised proliferative responses of the patient's lymphocytes to titanium chloride tested at times at maximum mitogen responsiveness, and a high concentration of titanium within the pulmonary granuloma, may suggest an aetiological association between the titanium dust and the granulomatous process. The metallic salts used in these assays had no non-specific mitogenic properties, as shown by the lack of lymphocyte responses in non-exposed controls. The type of beryllium used in this study has been previously found not to be mitogenic nor to induce lymphocyte transformation in unsensitised individuals. '2 The biological effects of the inhalation of various titanium compounds are uncertain. The demonstration of substantial quantities of titanium in human necropsy lung specimens unassociated with significant tissue reaction hasled to the suggestion that titanium is biologically inert.'3 14 Titanium dust inhalation in animals, however, has been associated with the finding of increased numbers of pulmonary phagocytic cells, small pulmonary granulomas, and areas of lung fibrosis.'5 16 Human morphological studies have shown that titanium dust is phagocytised by pulmonary alveolar macrophages, aggregates within lysosomes, and may enter the lymphatic circulation. 7 It may be postulated that titanium, although too small to act as an antigen alone, may react with tissue macromolecules to acquire immunogenicity.
A few clinical studies suggest that workers with long term occupational exposure to titanium production processes may develop pulmonary fibrosis. '8 19 A causal relation between the titanium and the observed pulmonary changes, however, could not be proved in these studies because of confounding exposures with other toxic substances. Granulomatous pulmonary disease has been described previously in a titanium worker, but in that report exposure to beryllium was not excluded, and specific immunological testing for titanium hypersensitivity was not performed.20
In the case presented here sensitisation to titanium is suggested by the lymphocyte proliferative response to this metal (SIs > 2-0) shown at times at maximum mitogen responsiveness, a criterion used successfully to differentiate patients with chronic berylliosis from controls." Rarely, however, SIs > 2 0 to beryllium have been found in healthy beryllium workers.2' We therefore tested the hypothesis that the titanium induced lymphocyte responses observed were not related to the granulomatous process in the lungs, but represented a coincidental, non-pathological immunological reaction to titanium that regularly occurs after exposure to titanium. We studied lymphocyte transformation responses to titanium in three healthy controls exposed to titanium. Chronic exposure to titanium in these individuals did not lead to sensitisation.
The magnitude of the lymphocyte responses to titanium, although lower than that observed in many cases of berylliosis, was consistent with lymphocyte responses measured in subjects with well established chronic berylliosis treated with corticosteroids. 12 Similarly to what has been observed in subjects with berylliosis, specific lymphocyte activity varied with mitogen responsiveness (B Barna, unpublished data). Thus higher lymphocyte responses to titanium chloride might have been observed if the patient had been tested in the absence of steroid treatment. Testing of lymphocytes obtained with bronchoalveolar lavage may also have increased the likelihood of detecting immunological sensitisation. 22 The relatively few cases of pulmonary disease reported in association with exposure to titanium dust is consistent with the notion that sensitisation to titanium may be based on idiosyncratic host response mechanisms. Recent animal studies suggest that differences in susceptibility to metallic dusts may be related to genetic differences in immunoreactivity.23 24 The relation between immunoreactivity and disease susceptibility requires further investigation.
In conclusion, in a patient with fibronodular pulmonary infiltrates and multiple occupational exposures x ray microanalytical techniques were used specifically to identify the composition of crystalline particulates detected by light microscopy within pul-656 monary granulomas. Immunological testing subsequently showed a possible sensitisation to titanium, a substance whose role in pathological processes has been disputed. These findings suggest the possibility that a specific inorganic dust may have been aetiological in a granulomatous process that was initially classified as sarcoidosis. More precise immunological studies of systemic reactions to exogenous particles may further clarify the role of occupational exposures in pathological processes.
